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Caspase-8The emerging evidences suggest that endoplasmic (ER) stress is involved in onset of many pathological conditions
like cancer and neurodegeneration. The persistent ER stress results in misfolded protein aggregates, which are
degraded through the process of autophagy or lead to cell death through activation of caspases. The regulation of
crosstalk of autophagy and cell death during ER stress is emerging. Ubiquitination plays regulatory role in crosstalk
of autophagy and cell death. In the current study, we describe the role of TRIM13, RING E3 ubiquitin ligase, in
regulation of ER stress induced cell death. The expression of TRIM13 sensitizes cells to ER stress induced death.
TRIM13 induced autophagy is essential for ER stress induced caspase activation and cell death. TRIM13 induces
K63 linked poly-ubiquitination of caspase-8, which results in its stabilization and activation during ER stress.
TRIM13 regulates translocation of caspase-8 to autophagosome and its fusion with lysosome during ER stress.
This study ﬁrst time demonstrated the role of TRIM13 as novel regulator of caspase-8 activation and cell death
during ER stress.
© 2013 Elsevier B.V. All rights reserved.1. Introduction
The endoplasmic reticulum (hereafter ER) is the primary site for
synthesis and folding of proteins in eukaryotes. The accumulation
of misfolded proteins and its aggregation leads to unfolded protein
response (UPR) which prevents further protein burden and damage
to the cell [1,2]. Unfolded proteins in the ER are generally tagged
with ubiquitin and degraded by ubiquitin proteasome system
(UPS), known as ER associated degradation system-I (ERAD-I)
[3,4]. It has been observed that accumulation of misfolded proteins
in ER may lead to formation of protein aggregates, which are toxic to
cell. The process of autophagy, also known as ERAD-II/macroautophagy
clears these protein aggregates [5,6]. Specialized sensors like IREα,
PERK and ATF6, sense the persistent ER stress to maintain either ER
homeostasis or initiate cell death pathways [1,7]. Recent evidences
suggest that autophagy may be adaptive response during ER stress lead-
ing to either cell death or survival. The cross talk of autophagy and cell
death during ER stress has implication in many chronic conditions like
neurodegeneration, cancer and metabolic diseases [2,8,9]. Tumor cells
have increased unfolded/misfolded proteins due to inadequate supply
of glucose and subsequent reduction in glycosylation of proteins and
ATP, which results in ER stress. The induction of autophagy during they, School of Biological Sciences
arch, Koba Institutional Area,
40; fax: +91 79 30514110.
ights reserved.ER stress plays critical role in tumor cell survival, thus contributing signif-
icantly to tumorigenesis. The regulators of cross talk between autophagy
and cell death during ER stress are not well understood.
Increasing evidences suggest that ubiquitin mediated post-
translational modiﬁcation is the central mechanism for regulation
of crosstalk between autophagy, cell death and survival [10,11].
Ubiquitination of target protein involves sequential action of three en-
zymes: E1, E2 and E3, for transferring the ubiquitin to the target protein
[12]. The terminal enzyme E3, transfers Ub from the E2 to a lysine residue
on a substrate protein, resulting in an isopeptide bond formation be-
tween the substrate lysine and the C-terminus glycine of Ub. E3 ligases
provide speciﬁcity to the pathway as they recognize the substrate, inter-
actwith deﬁnite E2 anddetermine the topology of ubiquitination. Several
ubiquitin E3 ligases have been identiﬁed which determine the critical
pattern of substrate ubiquitination leading to unique outcome, either
degradation of proteins through UPS or regulation of their activity
[13,14]. The role of ubiquitin ligases regulating crosstalk of cell death
and autophagy during ER has not been investigated in detail.
Ubiquitin E3 ligases have been broadly classiﬁed in three major
families called as RING, HECT and U Box. The majority of the ubiquitin
ligases belong to RING family which are characterized by the presence
of RING domain [15]. The role of RING E3 ligases have not been well
studied in the context of many different cellular functions. TRIM family
proteins (N70), member of RING type ubiquitin E3 ligases, are character-
ized by the presence of N-terminal RING, B-Box, Coiled Coil (CC) domain
and variable C-terminal domain [16]. The role of TRIM family proteins are
emerging in several processes like innate immune response, regulation of
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[16–19]. TRIM13, ER anchored E3 ligase, is involved in degradation of
ERAD substrates via proteasome and autophagy pathway [20,21].
Here we described the role of TRIM13 in regulation of caspase-8
ubiquitination, translocation and activation during ER stress induced
cell death.
2. Materials and methods
2.1. Cell culture and reagents
HEK293 and MCF7 cells were grown at 37 °C, 5% CO2 in Dulbecco's
Modiﬁed Eagle'sMedium(DMEM,Gibco, Invitrogen, USA) supplemented
with 10% (v/v) heat-inactivated fetal bovine serum (Gibco, Invitrogen,
USA), 1% penicillin, streptomycin and neomycin (PSN) antibiotic mixture
(Gibco, Invitrogen, USA). TRIM13 constructs and TRIM13-shRNA were
described previously [20]. HA-caspase-8 and Flag-caspase-8 were kind
gifts from Dr. Wei-Xing Zong (Department of Molecular Genetics and
Microbiology, Stony Brook University, USA). Dr. E Gottlieb (The Beatson
Institute for Cancer Research, UK) provided Caspse-8-GFP. HA-Ub-K48
and HA-Ub-K63 was provided by Prof. Kunitada Shimotohno (Research
Institute, Chiba Institute of Technology, Japan). The shRNA of ATG5,
Beclin1, p62/SQSTM1 and control were provided by Dr. Edurne
Berra Ramírez (Gene Silencing Platform, CICbioGUNE, Derio, Spain). The
primary antibodies used were: Anti-HA-peroxidase (Roche, Germany),
rabbit polyclonal against β-Actin and anti-Beclin1 (Abcam, USA), anti-
caspase-8, anti-p62 and anti-ATG5 (Cell Signaling Technology, Inc.
USA), anti-Flag-HRP (Sigma, USA). HRP-conjugated secondary antibod-
ies: anti-rabbit and anti-mouse (Jackson Immuno Research Laboratories,
Inc. USA). Biochemical were from different sources: trypan blue, acridine
orange, propidium iodide, tunicamycin andwortmannin (Sigma-Aldrich,
USA), zVAD.fmk (Biovision, USA), and G418 (Gibco, Invitrogen, USA),
Lysotracker Blue DND22 from Invitrogen, USA, IETD-fmk (ApoAlert
Caspase-8 Inhibitor) from Clontech Laboratories, Inc. USA.
2.2. Cell death assay
Cellswere plated at density of 1.5 × 105 cells/well in 24well plate and
transfected with indicated constructs. After 24 h of transfection, cells
were treated with tunicamycin (5 μg/ml) for 24 h and stained with
trypan blue. Minimum 100 cells per view were counted and percentage
of cell survival was plotted. Cell death was also assessedmorphologically
using 1X81microscope (Olympus, Japan). Acridine orange/propidium io-
dide staining was also performed to further characterize the type of cell
death as described previously [22] with minor modiﬁcations. Brieﬂy,
cells were plated in 24 well plate, transfected and treated as described
above. After treatment, 20 μl of acridine orange/propidium iodide
(0.025 μg/ml and 0.033 μM respectively) solution was added to cells,
plateswere centrifuged and imaged inGFP andRFPﬁlter using 1X81ﬂuo-
rescent microscope (Olympus, Japan). Images were captured in mono-
chrome and pseudo-coloured with green and red. The merged images
were quantiﬁed for green (healthy), orange (apoptotic) and red cells
(late apoptotic or necrotic).
2.3. Caspase luciferase assay
Caspase 3/7 and 8 activation assays were performed using Caspase-
Glo® 3/7 and Caspase-Glo® 8 Assay Systems respectively (Promega,
USA) according tomanufacturer instructions. Brieﬂy, indicated constructs
were transfected in white bottom 96 well plate using Extreme Gene HD
transfection reagent (Roche, Germany) by forward transfection method.
DNA:transfection reagent mixture were dispensed into 96 well plate
and thereafter 20,000 cells per well were plated. After 24 h of transfec-
tion, cells were treated with tunicamycin (5 μg/ml) for 24 h and
staurosporine (2 μM) for 4 h. The caspase substrate was added to eachwell, incubated for 1 h at room temperature and luminescence was
measured using luminometer (Berthold Technologies, Germany).
2.4. XBP1 splicing detection by RT-PCR
XBP1 splicing was analyzed using RT-PCR as reported earlier [23].
Brieﬂy, HEK293 cells were plated in six well plate at density of
5 × 105 cells per well and transfected with indicated constructs.
After 24 h of transfection, the cells were treated with tunicamycin
(5 μg/ml) for 10 h. Cells were harvested, washed with ice cold PBS and
total RNA was isolated using EZ-RNA Total RNA Isolation Kit (Biological
Industries Israel Beit-Haemek Ltd., Israel). First-strand cDNAwas synthe-
sized using BluePrint 1st Strand cDNA Synthesis Kit (Takara, Japan).
To amplify XBP1 (NM_005080), PCR was performed for 30 cycles
[94 °C for 30 s; 56 °C for 30 s; and 72 °C for 1 min and ﬁnal extension
at 72 °C for 7 min] using speciﬁc primers for XBP1: forward 5′-
CTGGAACAGCAAGTGGTAGA-3′ and reverse 5′-CTGGGTCCTTCTGGGTAG
AC-3′ and control β-Actin: forward, 5′-TCGTGCGTGACATTAAGGGG-3′
and reverse, 5′-GTACTTGCGCTCAGGAGGAG-3′. The PCR products were
analyzed on 3% agarose gel containing ethidium bromide. Different
forms of XBP1: 398 representing spliced (lower band-XBP1S), 424 bp
fragments unspliced XBP1 (middle band-XBP1U) and approximately
450 bp representing a hybrid of spliced and unspliced form of XBP1
(upper band-XBP1H), were observed and imaged by CN-08 Inﬁnity gel
imaging system (Vilber Lourmat, France). The spliced and unspliced
strands form hybrid structure XBP1H, which is containing one strand
from XBPS and XBPU. The level of XBP1H is highest in the tunicamycin
stress condition.
2.5. Autophagy assay by ﬂuorescence microscopy
Autophagy induction wasmonitored by using HEK293-GFP-LC3 sta-
ble cell line as described previously [20]. Brieﬂy, HEK293-GFP-LC3 cells
were seeded at density of 1.5 × 105 cells per well in 24 well plate and
transfected with respective constructs using FuGENE HD Transfection
Reagent (Roche, Germany). After 24 h of transfection, cells were treated
with indicated biochemical, monitored GFP-LC3 puncta using IX81 ﬂuo-
rescent microscope (Olympus, Japan) and analyzed by Image Pro Plus
6.1.0 software (Media Cybernetics, Inc. USA). Numbers of puncta per
cell were counted in minimum 100 cells and graph plotted for average
number of LC3 puncta per cell.
2.6. Immunoprecipitation and western blotting
For caspase-8 immunoprecipitation, HEK293 cellswere plated at den-
sity of 2 × 106 in 90 mm2 dishes and transfected with indicated con-
structs using calcium phosphate transfection method. After 36 hours of
transfection, cells were washed with cold PBS and harvested. Cells were
resuspended in Triton X-100 IP buffer (150 mM NaCl, 50 mM Tris-HCl,
10% Glycerol, 1% Triton X-100, containing complete protease inhibitor
cocktail (Roche, Germany)), incubated on ice for 1 hours and centrifuged
at 13,000 rpm for 15 min at 4 °C. The supernatant was collected and in-
cubated overnight with M2 FLAG-Afﬁnity Gel (Sigma, USA) on roller
shaker at 4 °C. The beads were washed four times with Triton X-100 IP
buffer, re-suspended in equal volume of 2X SDS-PAGE sample buffers,
separated on 12% SDS-PAGE, and analyzed by western blotting using
speciﬁc antibodies. To further conﬁrm the ubiquitination of caspase-8,
denaturing immunoprecipitation (DIP) was performed, cell pellets were
lysed in Triton X-100 IP buffer, protein concentration was quantiﬁed,
normalized and 1% SDS was added to the cell lysate. The effect of
deletions of different domains of TRIM13 on casapse-8 ubiquitination
was analyzed by DIP using HEK293-HA-Ub stable cell line. The samples
were heated for 10 min at 95 °C and diluted 1:10 ratio in Triton X-100
IP buffer. The pre-washed M2 FLAG afﬁnity beads were added to the
diluted lysates, further processed and analyzed as described above.
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performed using speciﬁc antibody as described earlier [18,20]. Brieﬂy,
HEK293 cells were plated at density of 5X105 cells per well in 6 well
plate and transfected with indicated constructs using calcium phos-
phate transfectionmethod. After 24 h of transfection, cells were treated
with speciﬁc biochemical for indicated time. After incubation, cellswere
washed with ice cold PBS (Gibco, Invitrogen) and harvested. Cells were
lysed in NP40 lysis buffer (150 mMNaCl, 50 mMTris-HCl, 1% NP40, and
complete protease inhibitor cocktail (Roche, Germany)). The cells were
lysed in Triton X-100 lysis buffer (150 mM NaCl, 50 mM Tris-HCl, 10%
Glycerol, 1% Triton X-100, containing complete protease inhibitor
cocktail (Roche, Germany)) to monitor caspase-8 activation bywestern
blotting.
2.7. Confocal microscopy
The cellular localization of caspase-8 was monitored by confocal mi-
croscopy. Brieﬂy, HEK293 cells were plated at density of 1.5 × 105 cells
per well in glass bottom 24 well plate (Greiner Bio-One, USA). Cells
were co-transfected with mCherry-LC3, caspase-8-GFP with control-
shRNA or TRIM13-shRNA using calcium phosphate transfection method.
After 24 h of transfection, cells were treated with tunicamycin (5 μg/ml)
for 6 h andmonitored for co-localization of mCherry-LC3 and caspase-8-
GFP using Leica TCS-SP5II confocal microscope (Leica Microsystems,
Germany). A minimum 30 cells were analyzed in different conditions
for puncta number and size. The puncta size was measured by Leica Ap-
plication Suite (LAS) and graph plotted. Representative image panel was
prepared by Adobe Photoshop CS. Lysosomes were stained with
Lysotracker Blue DND22 (Invitrogen, USA) according to manufacturer's
instruction and images were captured. As described above, caspase-8
containing autophagolysosomes were counted in minimum 30 cells and
graph plotted.
2.8. Statistical analysis
All experiments were performed independently at least three times
and *P b 0.05, **P b 0.01 and ***P b 0.001 were considered as signiﬁ-
cant for ±SEM. The data was normalized as maximum value is consid-
ered as 100% and 0 as 0% for all data set. Student's t-test was used to
determine the statistical signiﬁcance of the all the experimental data.
3. Results
3.1. TRIM13 sensitizes cells to ER stress induced death
It has been previously reported that persistent ER stress leads to
caspase activation and cell death [24]. TRIM13 is an ER anchored
ubiquitin E3 ligase however, its role in regulation of cell death is not
known. To elucidate the role of TRIM13 in cell death during ER stress,
we transfected TRIM13 in HEK293 cells, treated with tunicamycin and
monitored cell death by trypan blue exclusion assay. Treatment of
HEK293 cells with tunicamycin leads to induction of cell death as indi-
cated by decrease in trypan blue negative cells (Fig. 1A). The expression
of TRIM13 signiﬁcantly increased tunicamycin induced cell death
(Fig. 1A). The overexpression of TRIM13 was conﬁrmed by western
blotting and RT-PCR (Fig. 1A). TRIM13 regulated ER stress induced cell
deathwas also conﬁrmed by acridine orange-propidium iodide staining
as described in materials and method section (Fig. S1). The knockdown
of TRIM13 rescued tunicamycin induced cell death as indicated by
increase in trypan blue negative cells (Fig. 1B). The knockdown of
TRIM13 in HEK293 cells was validated by RT-PCR (Fig. 1B). The knock-
down of TRIM13 in HEK293 showed better health and increased prolif-
eration even in the presence of tunicamycin (Fig. S2). To rule out cell
line speciﬁc action, TRIM13 mediated cell death during ER stress was
also monitored in MCF-7 cells and similar results were observed(Fig. 1C, D). These evidences suggest that TRIM13 regulates cell death
during ER stress.
3.2. TRIM13 potentiates caspase activation independent of XBP1 mediated
UPR signalling
During ER stress, UPR is an adaptive response or either leading to cell
death or survival [25]. To investigate themechanismof TRIM13 regulated
cell death, we monitored induction of UPR and caspase activation during
ER stress. XBP1 splicing is a indicator for unfolded protein response (UPR)
which is also involved in regulation of cell survival and death during ER
stress [1]. TRIM13 was overexpressed and downregulated by shRNA in
HEK293 cells, treated with tunicamycin and XBP1 splicing was assessed
by RT-PCR. The 398 bp representing spliced form of XBP1 was observed
in presence of tunicamycin and was not detected in untreated condition
(Fig. 2A, B). The 450 bp, representing a hybrid of spliced and unspliced
form of XBP1, increased in tunicamycin treated cells (Fig. 2A, B). Neither
overexpression nor knockdown of TRIM13 has any effect on XBP1 splic-
ing (Fig. 2A, B). This suggests that TRIM13 has no role in either induction
or regulation of XBP1 mediated UPR during ER stress.
Caspases play an essential role in ER stress induced cell death [24].
The evidences here suggest that, TRIM13 has no effect on UPR, hence
wemonitored caspase activation in TRIM13 regulated cell death during
ER stress. The expression of TRIM13 signiﬁcantly enhanced caspase 3/7
activity during ER stress as compared to control (Fig. 2C). Staurosporine
was used as positive control to monitor the caspase-3 activity. The
knockdown of TRIM13 suppressed caspase activation during ER stress
(Fig. 2D). The inhibition of caspases by zVAD.fmk rescued TRIM13
induced cell death during ER stress (Fig. 2E). These observations suggest
that TRIM13 regulates cell death via activation of caspases and is inde-
pendent of XBP1 mediated UPR.
TRIM13 is an ER anchored, multidomain protein (Fig. 2F) and each
domainmay have distinct functions to regulate various cellular process-
es [20]. To characterize the domain of TRIM13 involved in cell death reg-
ulation, HEK293 cells were transfected with different domain deleted
TRIM13 expression constructs, treatedwith tunicamycin andmonitored
cell death by trypan blue exclusion assay. The expression of FL-TRIM13
signiﬁcantly decreased trypan blue negative cells (Fig. 2G). The deletion
of RING and CC domains showed no decrease in trypan blue negative
cells as compared to FL-TRIM13 in the presence of tunicamycin
(Fig. 2G). These experiments suggest that RING and CC domain of
TRIM13 regulates the cell death signalling cascade during ER stress.
3.3. TRIM13 induced autophagy is regulator of ER stress induced cell death
We previously reported that CC domain of TRIM13 is essential for
autophagy induction during ER stress [20]. The experiments described
above (Fig. 2G) showed that CC domain of TRIM13 is essential for cell
death regulation, which indicates that autophagy may be involved in
regulation of cell death during ER stress. We further investigated the
role of TRIM13 induced autophagy during ER stress induced cell death.
The cells were transfected with vector and TRIM13, treated with
tunicamycin in presence/absence of wortmannin (autophagy inhibitor)
and monitored cell death. The transfection of TRIM13 leads to signiﬁ-
cant decrease in trypan blue negative cells in the presence of
tunicamycin, however the cell death was recovered in the presence of
wortmannin (Fig. 3A) suggesting the involvement of autophagy. ATG5
is one of the essential regulators of autophagy pathway [26]. The knock-
down of ATG5 signiﬁcantly rescued TRIM13 mediated cell death in the
presence of tunicamycin (Fig. 3B). This was also conﬁrmed by knock-
down of Beclin1, another autophagy essential gene [27], which also
rescued TRIM13 mediated cell death in the presence of tunicamycin
(Fig. 3C). The knockdown of ATG5 and Beclin1 expression was con-
ﬁrmed by western blotting using speciﬁc antibodies. These evidences
suggest the role of TRIM13 induced autophagy in regulation of cell
death during ER stress.
Fig. 1. TRIM13 sensitizes cells to ER stress induced death. (A) TRIM13 sensitizes cells to tunicamycin induced death. HEK293 cells were transfected with vector and TRIM13, treated with
tunicamycin (5 μg/ml) for 24 h, and trypan blue exclusion assay was performed. Expression of TRIM13 was conﬁrmed by western blotting using anti-Flag antibody and RT-PCR.
(B) TRIM13 knockdown rescues tunicamycin induced cell death. HEK293 cells were transfected TRIM13 and control shRNA, treated with tunicamycin (5 μg/ml) for 24 h and trypan
blue exclusion assay was performed. TRIM13 knockdownwas conﬁrmed by RT-PCR (C) TRIM13 enhances tunicamycin induced cell death inMCF7. The cells were transfected with vector
and TRIM13, treatedwith tunicamycin (5 μg/ml) for 24 h and cell deathwas assessed by trypanblue exclusion assay. TRIM13overexpressionwas validated by RT-PCR. (D) TRIM13knock-
down protects against tunicamycin induced cell death in MCF7. The cells were transfected TRIM13 and control shRNA, treated with tunicamycin (5 μg/ml) for 24 h and trypan blue
exclusion assay was performed. TRIM13 knockdown was conﬁrmed by RT-PCR analysis. Asterisk (*) indicates that p value b 0.05, for SEM.
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time course of autophagy and cell death. We used stable HEK-293
cells expressing GFP-LC3 (HEK293-GFP-LC3). The HEK293-GFP-LC3
cells were transfected with vector and TRIM13 and monitored the au-
tophagic puncta formation. The over expression of TRIM13 signiﬁcantly
increased basal level of autophagy as compared to vector within one
hour of tunicamycin treatment (Figs. 3D, S3). TRIM13 induced autoph-
agic puncta reached maximum at 6 h and was signiﬁcantly higher as
compared to control (Figs. 3D, S3). The level of autophagy was similar
after 12 h of treatment in both vector and TRIM13 transfected cells
(Figs. 3D, S3). These evidences suggest that TRIM13 induced autophagy
precedes cell death during ER stress.3.4. TRIM13 regulates Caspase-8 activation during ER stress induced
cell death
Recent studies suggest that autophagy plays critical role in activation
of caspase-8 during cell death [28]. In the current study,we observed that
autophagy as well as caspase activation is essential for TRIM13mediated
cell death, hence we further investigated the role of TRIM13 in caspase-8
activation during ER stress. The cells were transfected with TRIM13,
treated with tunicamycin in presence/absence of IETD-fmk (caspase-8
inhibitor). The caspase-8 inhibition by IETD-fmk signiﬁcantly rescued
TRIM13 induced cell death in presence of tunicamycin (Fig. 4A). To con-
ﬁrm the role of endogenous TRIM13 in activation of caspase-8, TRIM13
Fig. 2. TRIM13 potentiates caspase activation independent of XBP1mediatedUPR signalling. (A) TRIM13 overexpression does not affect XBP1 splicing. HEK293 cells were transfectedwith
vector and TRIM13, treated with tunicamycin (5 μg/ml) for 10 h and XBP1 splicing was monitored by RT-PCR. (B) TRIM13 knockdown does not affect XBP1 splicing. Control-shRNA and
TRIM13-shRNA transfected cells were treatedwith tunicamycin (5 μg/ml) for 10 h and XBP1 splicingwas assessed by RT-PCR. (C) TRIM13 overexpression activates caspase 3/7 during ER
stress. HEK293 cells were transfectedwith vector and TRIM13, treatedwith tunicamycin for 24 h andmonitored caspase activation. Staurosporine treated cells was taken as positive con-
trol for caspase activation. (D) TRIM13 knockdown suppresses caspase 3/7 activation during ER stress. HEK293 cells were transfected with control and TRIM13-shRNA treated with
tunicamycin for 24 h and monitored caspase activation. (E) Caspase inhibition rescues TRIM13 induced cell death during ER stress. HEK293 cells were transfected with vector and
TRIM13, treated with tunicamycin in the presence/absence of zVAD.fmk (20 μM) for 24 h and cell death was monitored by trypan blue exclusion assay. (F) Domain architecture of
TRIM13. TRIM13 is an ER anchored protein facing towards cytosol having RING, B-Box and CC domain. Lower panel shows different deletion constructs of TRIM13 used in the present
study. (G) RING and CC domain of TRIM13 is essential for cell death regulation during ER stress. HEK293 cells were transfected with full length TRIM13, ΔRING, ΔCC and ΔTM, treated
with tunicamycin for 24 h and cell death was monitored by trypan blue exclusion assay. Asterisk (*) indicates that p value b0.05, for SEM.
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caspase-8 by western blotting. As expected, p43/41 kDa band corre-
sponding to cleaved form of casaspe-8 was observed in control shRNA
transfected and tunicamycin treated cells (Fig. 4B). In TRIM13-shRNA
transfected cells, p43/41 kDa bands of caspase-8 were not detected in
tunicamycin treated cells (Fig. 4B). The luciferase assay for caspase-8 ac-
tivity also showed that overexpression of TRIM13 signiﬁcantly increasedcaspase-8 activity whereas knockdown showed opposite effect (Fig. 4C,
D). These results collectively indicate that TRIM13 regulates caspase-8
activation during ER stress.
The TRIM13 belongs to RING family of ubiquitin E3 ligases and the
results in Fig. 2G showed that deletion of RING domain is essential for
TRIM13 induced cell death during ER stress. The RING domain is essen-
tial for E3 Ligase activity indicating that ubiquitination of cell death
Fig. 3. TRIM13 regulated autophagy is essential for ER stress induced cell death. (A)Wortmannin protects cells from TRIM13 induced cell death. HEK293 cells were transfectedwith vector
and TRIM13. The cells were treated with tunicamycin (5 μg/ml) in presence/absence of wortmannin (100nM) for 24 h and trypan blue exclusion assay was performed. (B) ATG5 knock-
down recovers ER stress induced cell death. HEK293 cells were co-transfected ATG5-shRNA with vector and TRIM13. The cells were treated with tunicamycin and cell death assessed by
trypan blue exclusion assay. ATG5 knockdown was conﬁrmed by western blotting using anti-ATG5 antibody. (C) Beclin1 knockdown protects TRIM13 mediated ER stress induced cell
death. HEK293 cells were co-transfected with Beclin1-shRNA with vector and TRIM13, treated with tunicamycin, and cell death assessed by trypan blue exclusion assay. Beclin1 knock-
down was conﬁrmed by western blotting using anti-Beclin1 antibody. (D) Time course for TRIM13 induced autophagy during ER stress. Vector and TRIM13 was transfected in HEK293-
GFP-LC3 cells and treated with tunicamycin, autophagic GFP-LC3 puncta formation was assessed by ﬂuorescent microscope and average number of puncta per cell were plotted. Asterisk
(*) indicates that p value b0.05, for SEM.
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Caspase-8 is known to be ubiquitinated by Cullin3 E3 ligase complex
during TNF induced cell death [29]. The previous reports of
caspase-8 ubiquitination and evidences in the current study sug-
gested the possible role of TRIM13 in caspase-8 ubiquitination dur-
ing ER stress. To elucidate the role of TRIM13 in caspase-8 ubiquitination,
HEK293 cells were co-transfected with caspase-8 and ubiquitin in
the overexpression/knockdown condition of TRIM13. The western blot-
ting showed that TRIM13 overexpression increased ubiquitination of
caspase-8 as compared to vector control. Similarly, the knockdown of
TRIM13 suppresses caspase-8 ubiquitination (Fig. S4). To rule out the
possibility of ubiquitination of proteins associatedwith casapse-8, the de-
naturing immunoprecipitation (DIP)was performed. The overexpression
of TRIM13 showed increased ubiquitination of caspase-8 (Fig. 4E). To fur-
ther conﬁrm the role of ligase activity and ER localization of TRIM13 on
caspase-8 ubiquitination, domain deletion constructs of TRIM13 were
transfected and caspase-8 ubiquitination was monitored using DIP. The
deletion of RING domain decreased TRIM13 mediated ubiquitination of
caspase-8 as compared to FL-TRIM13. The deletion of transmembrane
domain (TM) does not have any effect on TRIM13 mediated caspase-8
ubiquitination (Fig. 4F). Ubiquitin ligases may regulate the turnover of
target pattern by determining the pattern of different lysine mediated
polyubiquitin chain [14]. Hence,we alsomonitored the TRIM13mediated
type of ubiquitination of caspase-8. The overexpression of TRIM13
showed no effect on K48 linked ubiquitination of Casapse-8, whereas K-63 linked poly-ubiquitination was increased (Fig. 4G). These results col-
lectively indicate that TRIM13 is an ubiquitin E3 ligase that is involved
in regulation of caspase-8 ubiquitination and activation during ER stress.
3.5. TRIM13 and p62 act synergistically during ER stress induced cell death
Recent evidences suggest that p62/SQSTM1 is the critical adaptor
protein, which binds to ubiquitinated caspase-8 to regulate its activity
[29]. The experiments here clearly suggest that TRIM13 regulates the
ubiquitination of caspase-8, hence we hypothesized that p62 may be a
critical regulator in TRIM13 induced cell death. To elucidate the role of
p62 in TRIM13 mediated cell death, HEK293 cells were co-transfected
with TRIM13 and p62 and cell death was monitored. The co-expression
of both TRIM13 and p62 signiﬁcantly increased cell death as compared
to control and TRIM13 alone (Fig. 5A). As demonstrated above, that
RING domain of TRIM13 is essential for caspase-8 ubiquitination and
cell death therefore we investigated, if E3 ligase activity and ER localiza-
tion of TRIM13 is essential for p62 mediated cell death. The co-
transfection of TRIM13-ΔRINGwith p62 does not sensitize p62mediated
cell death as compared to FL-TRIM13 control (Fig. 5B). The deletion of
TM domain has no effect on TRIM13 mediated cell death in p62
overexpression condition (Fig. 5B). The role of endogenous p62 in
TRIM13mediated cell death during ER stress was also analyzed. The en-
dogenous p62 was knockdown by transfecting shRNA both in HEK293
and MCF7. The knockdown of p62 increased cell viability both in
Fig. 4. Caspase-8 is activated by TRIM13 during ER stress induced cell death. (A) Caspase-8 is essential for TRIM13 mediated induced cell death during ER stress. HEK293 cells were
transfectedwith vector and TRIM13, treatedwith tunicamycin in presence/absence of IETD-fmk (1 μM) for 24 h and cell death assessed by trypan blue exclusion assay. (B) TRIM13knock-
down suppresses caspase-8 activation during ER stress. HEK293 cells were transfectedwith control-shRNA and TRIM13-shRNA, treatedwith tunicamycin. The levels of different proteins
were analyzed bywestern blotting using speciﬁc antibodies. (C) TRIM13 increases caspase-8 activity. HEK293 cells were plated and transfectedwith TRIM13, vector control and caspase-8
luciferase assay was performed as indicated in material and method section. (D) TRIM13 knockdown decreases caspase-8 activity during ER stress. HEK293 cells were plated and
transfected with indicated shRNA, treated with tunicamycin and capase-8 activity assessed by luciferase assay. (E) TRIM13 induces caspase-8 ubiquitination. HEK293 cells were co-
transfected with Flag-Caspase-8, TRIM13 or vector, DIP was performed and analyzed by western blotting using indicated antibody. (F) RING domain of TRIM13 is essential for caspase-
8 ubiquitination. HEK293 cells were co-transfected with Flag-Caspase-8, and indicated deletion constructs of TRIM13, DIP was performed, and blotted using indicated antibody.
(G) TRIM13 mediates K-63 linked ubiquitination of caspase-8. HEK293 cells were co-transfected with TRIM13, Flag-Caspase-8 and HA-Ub-K48 or HA-Ub-K63. After 36 h of transfection,
immunoprecipitation was performed using anti-Flag beads, and analyzed by western blotting using indicated antibody. Asterisk (*) indicates that p value b0.05, for SEM.
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Fig. 5. TRIM13 and p62 act synergistically during ER stress induced cell death. (A) p62 potentiates TRIM13 induced cell death. HEK293 cells were co-transfectedwith p62 and TRIM13, cell
death was assessed by trypan blue exclusion assay. (B) RING domain of TRIM13 is essential for p62 mediated cell death. HEK293 cells were co-transfected indicated constructs and cell
death was assessed by trypan blue exclusion assay. (C) p62 knockdown rescues TRIM13 mediated cell death. HEK293 cells were co-transfected by vector or TRIM13 with control or
p62-shRNA. The cells were treated with tunicamycin and trypan blue exclusion assay was done. (D) p62 knockdown suppresses TRIM13 mediated caspase 3/7 activation. The cells
were transfected as described in B and monitored caspase 3/7 activation by luciferase assay. (E) p62 knockdown decreases caspase-8 activation in TRIM13 overexpressing cells.
HEK293 cells were co-transfected with Flag-TRIM13 and p62-shRNA, treated with tunicamycin and caspase-8 activation was assessed by Caspase-8 Glo luciferase assay system.
(F) p62 knockdown was validated by western blotting. Asterisk (*) indicates that p value b0.05, for SEM.
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knockdown of p62 also rescued TRIM13 mediated cell death in the
presence of tunicamycin as compared to control (Fig. 5C).
As described above, we observed that TRIM13 activates caspases
during ER stress therefore we investigated if p62 has any role in
TRIM13 induced caspase activation during ER stress. The knockdown
of p62 in TRIM13 overexpressed condition, signiﬁcantly decreased
caspase-3/7 activity as compared to control shRNA transfected in pres-
ence of tunicamycin (Fig. 5D). Earlier reports suggest that p62 playscritical role in activation of caspase-8 during different stress condi-
tions [28]. To characterize the role of p62 in TRIM13 mediated caspase-
8 activation, p62was knockdown using shRNA in TRIM13 overexpressed
condition and caspase-8 activation was monitored by western
blotting. Knockdown of p62 decreased caspase-8 activation in TRIM13
overexpressing cells in presence of tunicamycin (Fig. 5E). The p62
knockdown also results in stabilization of pro-caspase-8 in TRIM13
overexpression condition in both untreated and tunicamycin condition
as compared to vector control (Fig. S7). The p62 knockdown was
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results collectively indicate that p62 and TRIM13 acts synergistically to
activate caspase-8 and other downstream caspases during ER stress
induced cell death.
3.6. TRIM13 regulates Caspase-8 translocation to autophagolysosomes
Recent studies suggest that activation of autophagy and transloca-
tion of caspsae-8 on autophagolysosome is critical for its activation
[28]. The mechanisms regulating the translocation need to be investi-
gated. In the current study, we observed that TRIM13 induced autopha-
gy is essential for ER stress induced cell death. We hypothesized that
TRIM13 induced autophagosome may provide platform for caspase-8
activation. To study the caspase-8 translocation, caspase-8 fused with
GFP was transfected in TRIM13 knock down condition and monitored
its co localizationwith autophagosomemarker LC3. In untreated control
cells, caspase-8 co-localizes with LC3 whereas TRIM13 knockdownFig. 6. TRIM13 regulates caspase-8 translocation to autophagosome to lysosome pathway. (A)
were plated in 24 well optical bottom plate, transfected with indicated constructs, treated wi
(B) TRIM13 knockdown signiﬁcantly reduces the number of caspase-8 (+ve) autophagosome
Minimum number of 30 cells were counted, size analyzed and graph plotted (Un = un
autophagolysosomes. HEK293 cells were co-transfected caspase-8-GFP, mCherry-LC3 with
lysotracker Blue DND22 and analyzed by confocal microscopy. Scale bar represent 25 μ
autophagolysosome. Graphical representation of number of caspase-8 positive autophagolyso
Tn = tunicamycin). Asterisk (*) indicates that p value b0.05, for SEM. (E) RT-PCR analysis forsigniﬁcantly reduced LC3 and caspase-8 co-localization (Fig. 6A, B).
The cells treated with tunicamycin showed decreased number of small
puncta (less than 2 μM) and an increased number of large size (more
than 2 μM) autophagosome where LC3 and caspase-8 co-localized.
The knockdown of TRIM13 signiﬁcantly decreased the co-localization
of caspase-8 and LC3. The number and size of LC3 puncta also decreased
in TRIM13 knockdown conditions (Fig. 6A, B).
We have further characterized the fate of caspase-8 translocation to
autophagosome, whether it fuses with lysosomes, where alternative
pathways may activate it. The cells were transfected as described
above and lysosomal staining was performed in presence/absence of
TRIM13. In normal untreated cells the mCherry-LC3 puncta fused with
lysosomes to form autophagolysosomes (size b 2 μm) (Fig. 6C). The
co-localization of caspsae-8 and LC3 was not observed. Tunicamycin
treatment leads to the formation of large autophagolysosomes
(size N 2 μm) where LC3 and caspase-8 co-localized (Fig. 6C). Interest-
ingly, TRIM13 knock down results in decreased number of LC3 punctaTRIM13 knockdown suppresses caspase-8 translocation to autophagosome. HEK293 cells
th tunicamycin for 8 h and analyzed by confocal microscope. Scale bar represent 25 μM.
. Graphical representation of number of LC3 puncta co-localizing with caspase-8 per cell.
treated, Tn = tunicamycin). (C) TRIM13 knockdown suppresses caspase-8 containing
TRIM13-shRNA or control-shRNA, treated with tunicamycin, stained for lysosome by
M. (D) TRIM13 knockdown signiﬁcantly decreases number of caspase-8 containing
some. Minimum number of 30 cells were counted and graph plotted (Un = untreated,
TRIM13 knockdown.
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with caspase-8 was signiﬁcantly decreased. Tunicamycin treatment
showed signiﬁcant decrease in puncta size and co-localization with
caspase-8 (Fig. 6C, D).
A recent report suggest that p62 is essential for caspase-8 activa-
tion and its translocation to autophagosome [28], therefore we in-
vestigated if TRIM13 acts upstream or downstream of p62. To study
the role of TRIM13 in translocation of caspase-8 and p62 to lysosome
during ER stress, HEK-293 cells were co-transfected with caspase-8-
GFP, mCherry-p62 along with TRIM13-shRNA, treated with tunicamycin
and analyzed by confocalmicroscopy. The analysis of sub-cellular cellular
localization of different proteins showed that caspase-8 and p62 do
not co-localize in control untreated cells (Fig. S8). In the presence of
tunicamycin, caspase-8 and p62 co-localize and fuse with lysosome to
form large size autophagolysosome (size b2 μm) (Fig. S8). In TRIM13
knockdown conditions, casaspe-8 and p62 do not co-localize and
autophagolysosome formation also decreased (Fig. S8). These observa-
tions suggest that TRIM13 acts upstream of p62 and caspase-8 and is
essential for their autophagolysosomal translocation and activation.
TRIM13 knockdownwas conﬁrmed by RT-PCR (Fig. 6E). The observation
was further conﬁrmed by monitoring the levels of caspse-8 by western
blotting in TRIM13 knockdown conditions. The levels of procaspase-8 in
control as well as tunicamycin treated cells increased whereas no activa-
tion was observed suggesting the decreased processing and activation of
caspase-8 (Fig. S9). These results collectively indicate that TRIM13 is
essential for caspase-8 translocation to autophagosome and subsequently
to lysosome, which may be important for activation of caspase cascade.
4. Discussion
The persistent ER stress leads to cell death hence has major
implications in many chronic pathological conditions like cancer,
neurodegeneration and metabolic diseases [8]. ER stress leads to activa-
tion of UPR and autophagy to rescue the cells from proteatoxic stress
[1,7]. The process of ubiquitination plays critical role in UPS as well as
autophagy to decide the fate of the cells. The role of ubiquitin ligases is
critical as they recognize the substrate and provide speciﬁcity to this
pathway. In the current study we have shown that, TRIM13 an ER
resident ubiquitin E3 ligase regulates the crosstalk of autophagy and
cell death during ER stress.
We previously reported that TRIM13 regulates autophagy during ER
stress and is critical for regulation of the clonogenic ability of the cells
[20]. The role of TRIM13 induced autophagy in regulation of cell death
and its contribution to tumor suppressor activity has not yet been
investigated. The current study using overexpression and shRNA exper-
iments provided strong evidences that TRIM13 regulates cell death
during ER stress. UPR during ER stress is major cause of cell death [1].
The experiments here clearly suggest that TRIM13 does not contribute
to UPR however, it is essential for the downstream activation of
caspases and cell death during ER stress. TRIM13 is a multi domain pro-
tein and the deletion of domain and their effect on autophagy and cell
death suggest that each domain may have discrete function [20]. The
CC domain of TRIM family proteins are known to form higher ordermo-
lecular structures [30], regulate autophagy induction and ﬂux [20]. The
evidences in current study show that CC domain is also important for ER
stress induced cell death suggesting that TRIM13 induced autophagy
may be essential for cell death. This hypothesis was further validated
by ATG5 and Beclin1 knockdown studies aswell as use of autophagy in-
hibitor. It is also observed that autophagy precedes cell death suggesting
that autophagy may actively contribute to activation of caspases. The
RING domain associated with E3 ligase activity of TRIM13 is essential
for caspase activation and cell death during ER stress. The TM-deleted
TRIM13 mutant has the same effect as of FL-TRIM13 despite its incapa-
bility to be anchored to the ERmembrane. These evidences suggest that
TRIM13 mediated ubiquitination may be potential regulator of cross
talk of autophagy and apoptosis at least during ER stress.Autophagy and its cross talk with apoptoticmachinery are emerging
and p62/SQSTM1 is one of the important regulators of crosstalk of
autophagy and apoptosis [31]. Recent studies demonstrated that p62
regulates cell death through stabilizing activatedcaspase-8 and further
downstream proteolytic caspase cascade [28,29]. In current study,
we provided several evidences using overexpression and knockdown
approaches that p62 is one of the important regulators of TRIM13medi-
ated cell death during ER stress. The knockdown and overexpression of
TRIM13 and p62 studies suggest that these two proteins act synergisti-
cally to regulate the protein level/activation of caspase-8 during ER
stress. There are two possibilities, either the turnover or the activation
of caspase-8 is regulated by TRIM13 and p62. The later hypothesis is
supported by recent observation that p62 binds to poly-ubiquitinated
form of caspase-8 and stabilizes the active form [29]. The evidences in
the current study demonstrated that TRIM13 increases K-63 linked
poly-ubiquitination of caspase-8. It is already known that K-63 linked
poly-ubiquitination of target proteins regulates their signaling functions
rather than targeting for degradation through UPS. The earlier study
also supports our hypothesis. The Cullin3 E3 ligases complex induces
K-63 linked poly-ubiquitination of caspase-8 which promotes its
activation [29] during TNF and TRAIL induced cell death. It will be
further interesting to investigate the role of TRIM13 in regulation of
caspase-8 ubiquitination and activation in death receptor induced cell
death pathway.
The evidences here strongly suggest that TRIM13 induced au-
tophagy precedes to apoptosis suggesting that autophagy may actively
contribute to activation of caspases to initiate TRIM13 induced cell
death. Interestingly, during preparation of current manuscript our hy-
pothesis was further strengthen by recent report [28] demonstrating
that autophagosomal membrane provides novel platform for caspase
activation through assembly of intracellular death inducing signalling
complex (iDISC). Our previous study demonstrated that TRIM13 also
co-localizes with DFCP1 and p62, which is involved in formation of
omegasome [20]. The experiments here indicate that TRIM13 is essential
for K-63 linked poly-ubiquitination of caspase-8 during ER stress. It had
been earlier observed that K63 linked ubiquitinated proteins are more
prone for translocation to autophagosomes [32]. Similarly, we have ob-
served that TRIM13 induced K63 linked ubiquitinated caspase-8 may
bind to p62 and translocate to autophagosome. Autophagsome anchoring
caspase-8 fuseswith lysosomewhere caspase-8may be activated [28] by
alternative pathways via lysosomal proteases [33,34]. This may further
amplify downstream caspase cascade leading to cell death during ER
stress.
The evidences in the current studies suggest that ER provide a novel
platform to assemble TRIM13 regulated dynamic novel signalosomes
regulating during ER stress induced cell death. Given the role of
caspsae-8 in development and immunity [35], it is clear that TRIM13
may have crucial role in many physiological and developmental condi-
tions. The further study in this directionwill also help to understand the
role of TRIM13 in many chronic pathological conditions metabolic,
cancer, immune and neurodegenerative disorders.
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